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® Glycosyl derivatives and use thereof. 



® The Invention provides a compound of the fonnula QtLR-O— eCHaCHaO ) ( J^Hajn- Z wherein R is a 
_ glyc o syl group, m is an optional positive integer, n is an integar of i \c\ 3 and Z is -CHOr-CHzQH or -COOFT^ 

The compound of the formula (I*): ^ — "~ 

R-O-f CHaCHzO^—fF — f CH2)„-CH0 wherein R. m and n are as defined above and the formula (1"): 
R-0 -f CH2CH2O — CH2)n-C00H wherein R. m and n are as defined above is useful as a chemically 
^ modifying agent for protein. 
^ The compound of the formula (H: 

R-O-f CHtCHiO-^-;^:^-^ CH2)n-CH20H wherein R, m and n are as defined above is useful as a protein 
g fractionating agent. 
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Glycosyl Derivatives and Use Thereof 



BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

This Invention relates to macromolecular compounds useful, for example, for Introducing chemical 
modifier groups into biologically active proteins and for fractionating proteins. 



DESCRIPTION OF TUB PfflOR ART 

BiologicaHy active proteins are expected to be useful as drugs. With the recent progress in the gene 
recombination technology. It becomes possible to produce biologically active proteins in large quantities. 
However, when a biologically active protein is administered to a living body, its effective biological activity is 
sometimes not attained because of the rapid elimination thereof from the living body or because of the 
unsatisfactory delivery thereof to the target cells or tissues. Furthermore, administration to humans of 
biologically active proteins obtained from organisms other than human, such as animals or microorganisms, 
may induce severe symptoms due to the immune responses. Therefore, for using these proteins as drugs, 
technical developments are desired which delay the rate of clearance of proteins, which deliver proteins to 
specific cells or tessues, or which reduce their immunogenicity (antigenicity), while maintaining their 
biological activities. 

For the above reasons, various techniques for the chemical modifications of proteins have been 
attempted. 

In addition, attempts have been also made to find out macromolecular compounds usable in separation 
and purification of proteins. 



SUMMARY OF THE INVENTION 

While attempts have been made to modify biologically active proteins chemically as mentioned above, 
an object of the present invention is to provide macromolecular compounds useful for the chemical 
modification of biologically active proteins. 

Another object of the present invention is to provide macromolecular compounds usable in fractionation 
of proteins. 

The present inventors directed their attention to the biological significance of sugar chains of 
glycoproteins in living bodies. It is thought that the sugar chains play a very important role in the 
physicochemical properties of glycoproteins, in the stabilization against proteases, in the recognition 
mechanisms in organisms, or in the protective action against recognition. 

On the other hand, it is known that modification of proteins with polyetylene glycol derivatives leads to 
delayed clearance rate and reduced toxicity and/or. antigenicity. Therfore. the inventors synthesized 
polyethylene glycol derivatives having a sugar chain moiety to modify proteins, and found that the proteins 
thus obtained showed the biological activity derived from the sugar chain moiety in addition to the 
characteristics of the polyethylene glycol-modified proteins, and exhibited increased circulatory half-life and 
reduced toxicity and antigenicity. It was also found that some of the derivatives can be used in protein 
fractionation, for instance. The present inventors made further investigations on the basis of these findings 
and have now completed the present invention. 

The present invention provides a compound of the formula 



wherein R is a glycosyl group, m is an optional positive integer, n is an integer of 1 to 3 and Z is -CHO 
-CH2OH or -COOH. 

in the above formula (I), the glycosyl group represented by R may tie of the monosaccharide or 
oligosaccharide origin. The monosaccharide glycosyl group includes aldopentose-derived groups such as 
arabinopyranosyl. xytopyranosyl. lyxopyranosyl and ribofuranosyl. aidohexose-derived groups such as 
glucopyranosyl. galactopyranosyl. mannopyranosyl and fucopyranosyl. hexosamine-derived groups such as 
2-amino-2-deoxygIucopyranosly. 2-amino-2-deoxygaIactopyranosyI. 2-acetamido-2-deoxy glucopyranosyl 
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and 2-ac9tamido-2-d8oxyga!actopyranosyI, and sialic acid-derived groups such as N-acetylneuraminyl, etc. 
The oligosaccharide glycosyi group includes, among others, disaccharide groups such as lactosyl. 
xylobiosyl. maltosyl. cellobiosyl . chitobiosyl,. vtcianosyl sambubiosyl, melibiosyl, epiceilobiosyf, turanosyl, 
sucrosyf. lactulosyl and rutinosyi, trisaccharide groups such as raffinosyl. umbeliiferosyl, slafyllactorsyl, and 
5 6'-galactolactosyl, and tetrasaccharide groups such as drfucosyilactosyt, tacto-N-tetraosyl and iacto-N- 
neotetraosyi. 

When the glycosyi group is In the fomn of a uronic acid or a uronic acid derivative, it may be in the 
form having a free carboxyl group or in the form having an alkyl-esterified carboxyl group. Examples of 
such group are glucuronic acid-, galacturonic acid-, methyl glucuronate-and cellobiuronic acid-derived 
10 groups, etc. 

The glycoside bond between the respective sugar units may be in the a-or j3-form. 
• When Z in the above formula (1) is -COOH, it may be in an active form. Said active form includes 
amides, active esters.active thioesters, etc. 

Said amides include, for example, compounds derived from pyrazole. imidazole, 4-substituted im- 
rsr. idazole, drmethylpyrazole, benzotriazole. etc. with the acyl group being bound to the nitrogen atom in the 
ring structure. 

Said active esters include, for example, esters such as 4-nitrophGnyl ester, 2,4-dinitrophenyl ester, 
tri'chlorophenyl ester, pentachlorophenyl ester and mesylphenyl ester and, in addintion, esters with 1- 
hydroxy-lH-2-pyridone, N-hydroxysuccinimide, N-hydroxyphthallmide. benzotriazole, etc. 
2a Said active thioesters include, for example, thioesters with heterocycle-thlols such as 2-pyridylthiol and 
2-benzothlazolythiol. 

In the above formula (I), the optional positive integer m is preferably not more than about 200, more 
. preferably about 5 to 100. 

The above compounds (I) can be produced, for example, according to the following reaction schemes: 

(i) Production of compounds {10 in which Z = CHO in formula {!): 



35 



3D ffO-eCH:CEiO VCCH-Ja-M OZ" 

g'Y 5.R..o-^CH,Cfl,0>^CHa)n+lOZ'^S2roce^ion 

CI) \ . r-^) 

\ HO-fCazCH.0>B-^CHz)ji^iOH 

Oxidation 

R'-0-eCHtCHtO>a-CCaz)n+i OK — >R'-crfCHtCH.07a-CCa:)ji-CaO 
(W) 01) 
a lkali HydToly sis „ nWr- ^ ran 

cr) 

^ [In the above scheme, R, m and n are as defined above. R' is a monosaccharide or oligosaccharide 
group derived from R by protection of the hydroxyl and amino groups of R with an acyl group such as 
acetyl, Y is a halogen atom {e.g. fluorine atom, chlorine atom, bromine atom) or an acetate group, and Z' is 
a protective group such as 2-tetrahydropyranyl and benzyl.] 

The compound (VI) can be synthesized from the compound(lll) and the compound (IV) by using various 

so gjycosylation methods. Thus, for instance, when Y is a fluorine atom, it can tje synthesized in the presence 
of a glycosylation catalyst such as SnCtrAgCIOd: when Y is a chlorine or bromine atom, by the Konig-Knorr 
method [Berichte. 34,957 (1901)] or by the ortho ester method [Recent Developments in the Chemistry of 
Natural Products. 4, 77 (i 972)]; and when Y is an acetate group and R' is a hexosamine derivative having 
an acetamido group in the 2-position thereof, by the oxazoline method [Carbohydr. Research. 72. C12-C14 

55 (1979)]. 
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The reaction for converting the compound {VI) to the compound (VII) is preferably carried out in about 
50 - 80% acetic acid-water at about 60 - lOO'C for about 0.5 - 3 hours when Z' is 2-tetrahydropyranyl. 
When Z' is benzyl, the reaction Is preferably carried out in a methanol, ethanol or acetic acid solution in the 
manner of catalytic hydrogenolysis using about 10% Pd-on-carbon. 

The compound (Vtl) can also be obtained from the compounds (111) and (V) by the same reaction as 
used in obtaining the compound (VI) from the compounds (111) and (IV). 

The oxidation of the compound (VII) to the compound (VIII) Is preferably carried out in dichloromethane 
at about -78 to -40'C using oxalyl chloride, dimethyl sulfoxide and trietylamine. 

The compound (I') can be prepared by subjecting the compound (Vlll) to alkali hydrolysis, preferably by 
reacting in an methanolic solution of sodium hydroxide at about 0 - 4"C for about 5 - 20 hours. 



(ii) Production of compounds {!') in which Z = CH2OH In formula (1): 



pi.n r^ C^n ^ alkali Hydrolysis 

^^■■'''^»jJVf-f^>nti OH ^ R-o-ecK=CH,o>^ca.)„-cH.oa 

R-O -eCH:CH,0)jj-^CHJn-CHO 
<!') • 



(I') 



[In the above scheme, R, R', m and n are as defined above.] 

The compound (l*) can be prepared by subjecting the above-mentioned compound (VII) to alkali 
hydrolysis, preferably by reacting in a methanolic solution of sodium hydroxide at about 0 - 4"C for about 5 
- 20 hours. The compound (10 can also be prepared by reacting the above-mentioned compound (0 with a 
reducing agent, such as sodium borohydride or sodium cyanoborohydride. in an aqueous solution. 



(iii) Production of compounds (H in which Z = -COOH in formula (I): 



, „ Oxydation 

R'-0-fv.H:CH,OV<CHOji^^OH >R'-0 CKtCazOi-fCHs)^ -COOH 

CVI) * (E) 

Alkali Hvdro lysis 

>R-o -^CHjCH.Oo-^CaOu-COOH 



[In the above scheme, R, R'. m and n are as defined above.] 

The oxidation of the above-mentioned compound (VII) to the compound (IX) can be canied out by the 
ruthenium tetroxide method [J. Org. Chem.. 46. 3936-3938 (1981)]. 

The conversion of the compound (IX) to the compound(r ) can be effected by subjecting to alkali 
hydrolysis, preferably by treatment with a methanolic solution of sodium hydroxide at about 0-4" C for about 
5-20 hours. 

The reaction product after each of the above reactions can be purified by ordinary chemical metiiods 
such as exrtraction. concentration, recrystrallization. reprecipitation and chromatography. 

When the compound to be used in each reaction has a group or groups which might possibly interfere 
with the reaction, said group or groups may be protected with a ger se known protective group or groups 
(e.g. benzyl, trityl. benzyloxycarbonyl, tert-butyldimethytsilyl. benzylldene. isopropylidene). After reaction, 
the desired compound can be obtained by subjecting the reaction product to deprotenction. which can be 
effected by a ger se known method. 

The compounds (f) and (P) obtained by the present invention are useful for introducing chemical 
modifier groups into biologically active proteins. 
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The above-mentioned biologically active proteins may be ones derived from various animals including 
human, ones derived from microorganisms, ones derived from plants, genetically engineered ones, or 
synthetic ones. Thus, for example, there may be mentioned cytokines [e.g. interferons [interferon-a (IFN-or). 
interferon-A (IFN-i5). interferon-^ flFN-^)]. iiiterleukin 2 flL-2)L hormones [e.g. growth hormone, insulin], 

5 enzymes [e.g- urokinase, superoxide disrhutase (SOD), asparaginase], and other protems such as im- 
munoglobulins, trypsin inhibitors, various proteases or peptidases, various cytochromes, islets activating 
proteins (lAP), vaious inhibitor proteins, and neocarzinostatin. Among them, recombinant IFNs (rIFN-a, rlFN- 
fi, rIFN-y) and rH-2 produced by gene recombination techniques and SODs derived from animals and 
microorganisms are preferred biologically active proteins. 

70 Said proteins preferably have a molecular weight of about 5,000 to about 50,000, more preferably about 
10,000 to about 30.000. 

The above-mentioned chemical modifier groups are bound to at least one of primary amino groups of 
the biologically active proteins. The primary amino groups of proteins include N-terminal amino group and 
6-amino groups of lysine residres. 
rs The above-mentioned chemically-modified proteins can be produced, for example, by reacting a 
biologically active protein with an aldehyde of the formula 
R-0-4 CH2CH2O }^ C CH2) n — ' CHO (O 

wherein R, m and n are as defined above, in the presence of a reducing agent 

The^ reducing agent to be used in the above reaction is. for example, sodium borohydride, sodium 
20 cyanoborohydride, etc. 

From the viewpoint of selectivity of reaction, sodium cyanoborohydride is prefenred. 

In carrying out the modification reaction, the compound (I*) can be used about 1-10,000 mole 

equivalents and the boronic reducing agent about 1-50 mole equivalents to the biololgically active protein. 

The extent of modification can be arbitrarily selected by changing either the molar ratio of the protein to the 
25 compound [V) or the concentrations of the protein and the compound (I*) in the reaction mixture. Any solvent 

which will not interfere the reaction can be used as the reaction solvent. Examples are buffers such as 

phosphate buffer, Tris buffer and acetate buffer. 

Organic solvents which do not inactivate the proteins or do not interfere the reacion, such as lower 

alkanols {e.g. methanol, ethanoi, i-propanol), tetrahydrofuran, dioxane. acetonitrile, dimethyl sulfoxide and 
30 dimethylformamide can be added. The reaction can be carried out under a wide pH range of about 3-12, 

but pH around neutrality is preferable. The reaction temperature may t)e selected within the range In which 

the proteins are not denatured.preferably within the range of about 0 to 40''C. The reaction time of about 

0.5-72 hours, generally about 3-30 hours, will be sufficient. The desired, chemically-modified proteins can 

be obtained by purifying the reaciton mixture by conventional methods for protein purification, such as 
35 dialysis, salting out, ultrafiltration, ion exchange chromatography, gel filtration, high performance liquid 

chromatography and electixiphoresis. The extent of modification of amino groups can be calculated, for 

example, by actdolysis followed by amino acid analysis. 

The above-mentioned chemically-modified proteins can also be prouced, for example, by reacting a 

biologically active protein with a compound of the formula 
40 R-O-f CH2CH2O V-sr-f CH2)n COOH (H 

wherein R. m and n are as defined above, in the presence of a condensing agent such as a water-soluble 

carbodiimide. 

The condensing agent to be used in the above reaction is. for example. 1 -ethyl-3-(3- 
dimethylaminopropyl)carbodiimide hydrochloride. l-cyclohexyl-3-{2-morphoIinoethyI)cartx)diimide meso- 
ns para toluenesulfonate, or the tike. 

In carrying out modification, tiie compound (1") can be used about 1-10,000 mole equivalents, and the 
water-soluble carbodiimide about 1-5 mole equivalents to the biologically active protein. The extent of 
modification can be selected arbitrarily by changing eitiier the molar ratio of Uie protein to the compound 
(P) or tiie concentrations of the protein and the compound {I") in the reaction mixture. Any solvent which 
50 will not interfere the reaction can be used. As such solvent, there may also be mentioned a buffer such as 
phosphate buffer. Tris buffer and acetate buffer. Organic solvents which do not inactivate tiie proteins or 
interfere the reaction, such as lower alkanols (e.g. methanol, ethanoi. i-propanoI),acetonitrile, tetrahydrofuran, 
dioxane. dimethyl sufifoxide and dimethylformamide can be added. The reaction can be canied out under a 
wide pH range of about 4-10 but pH around neutrality is preferable. The reaction temperature may be 
55 selected within the range in which denaturation of the protein does not occur, but is preferably, within about 
0 to 40'C. The reaction time of about 0.5-72 hours, generally about 3-30 hours, will be sufficienL The 
desired, chemically-modified proteins can be obtained by purifying the reaction mixture by a conventional 
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methods for protein purification, such as dialysis, salting out, ultrafiltration, ion exchange chromatography 
and filtration, high performance liquid chromatography and electrophoresis. The extent of modification 
amino groups in the protein can be detemiined by the 2,4,6-lrinitroben2enexu[fonic acid method (Analytical 
Biochemistry. 14, 328-336 (1966)1. 

In using protein modification, (H can be converted to an active ester or active amide and then used in 
the same way as (I") itself. In this case, the use of a condensing agent like water-soluble carbodiimides, etc. 
is not necessary. 

The chemically-modified proteins thus obtained have at least one primary amino groups modified with a 
group of the formula: 

R-Q-f CH2CH2Q ) { CHii— X- (I!) 

wherein X is -CHror -CO-and R, m and n are as deifned above. 

When the protein to be chemically modified has amino groups only at its N-terminus, the chemically- 
modified protein obtained in the above manner has the group of formula (11) directly bound to said amino 
groups. When the biologically active protein has one or more lysine residues, part of the «-amino groups, 
preferably about 5-80% (average), particularly about 10-60% (average), are directly bound to group of 
formula (H), In this case, the N-terminal amino group may have or may not have the group of formula (II) 
directly bound thereto. 

The above chemically-modified proteins have a useful biological activities similar to that of the 
con-esponding unmodified biologically active proteins and are useful as drugs, etc. 

Compared to the corresponding known unmodified biologically active proteins, the present chemically- 
modified proteins are reduced in clearance, thus remaining effective for a longer period, improved in 
delivery to specific cells and tissues and reduced in toxicity and antigenicity. Accordingly, they can be used 
safely In the same manner and for the same purposes as known biologically active proteins. 

The above chemically-modified proteins can be administered orally or parenterally to mammals (e.g. 
monkey, dog, swine, rabbit, mouse, human) in the fonm of suitable pharmaceutical compositions (e.g. 
capsules, injections) prepared by using conventional known earners, diluents, etc. 

For example, the above chemically-modified r!L-2 can be used as a preventive or therapeutic agent for 
tumors; it is administered in similar doses as unmodified rlL-2, namely in very low doses in the fomi of 
injections, capsules, etc. 

The above chemically-modified rlFN-7. when used as an antiviral, antitumor, cell growth Inhibiting or 
immunopotentiating agent is administered to human adults at a dose of about 1.0 x 10^ to 1.0 x 10* 
unit/day. intravenously, intramuscularly or other route. 

The above chemically-modified rIFN-aA, when used as an antitumor or antiviral agent, may be 
administered to patients in about 1.0 x 10^ to 1.0 to 10« unit/day as amount of rIFN-aA. 

In its use as an antiinflammatory agent, the above chemically-modified SOD can be administered to 
mammals, for example, in the fonm of tablets, injections, etc. in a dally dose of about 1-5 mg/kg on the SOD 
basis. 

The compounds(l') can be used in protein fractionation in the same manner as polyethylene glycol. The 
concentration used in this case is about 0-70%. Proteins are usually obtained as precipitates. However, 
proteins are sometimes obtained as highly concentrated solutions thereof since the formation of precipitates 
is much effected by the concentration of compound (l"). the salt concentration, the ion strength. pH, etc. For 
example, in fractionating human plasma proteins by using the compound (I'), to a human plasma protein 
solution cooled to about 4''C. a 50% solution of the compound (I') is added to prescribed concentration of 
{I") with stirring. The mixture is allowed to stand for about 10 minutes and the resulting precipitate is 
separated by centrifugation at 35,000 g for 30 minutes. By stepwisely increasing the concente ration of the 
compound (I*) in the supernatant, the plasma proteins can be fractionated. 

The compounds (|-) can also be used in aqueous two-phase partition methods by forming two-phase 
systems with other ploymers. e.g. dextran. etc. The concentration of about 0-70%. usually about 1-30%. is 
used In this case. In a typical example for protein fractionation by an aqueous two-phase partition method, a 
0.01 M buffer containing 4.4% of compound (I'). 7.0% of dextran T-500 (Pharmacia. Sweden) and 0.1 M 
NaCI is used. The mixture is stinred thoroughly and then allowed to stand at room temperature for at least 
10 minutes. By subsequent centrifugation at 2.000 g for 5 minutes, two-phases are separated well. A 
fraction that contains desired protein can be obtained by taking either the upper layer or the lower layer. 

In each case, the use of the compounds(r) can be expected to produce the bio-affinity effect due to the 
sugar chain in addition to partition effect derived from polyethylene glycol. 

in the present specification, amino acids, in some cases, are repreasented by abbreviations based on 
the lUPAC-lUB nomenclature (Commision on Biochemical Nomenclature) , Thus, 
Lys: Lysine 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 and Rg.2 show binding, capability to the immobilized lectins of the modified proteins described in 
Reference Example 2 and Reference Example 3, respectively. 

5 

EXAMPLES OF THE PREFERRED EMBODIMENT 

The following working examples and reference examples are further illustrative of the present invention 
TO but by no means limitative of the present invention. 

Example 2 Synthesis of ^-O-galactGpyranasyi polyethylene glycol aldehyde 

rs (i) Synthesis of 2,3,4,6'-tetraO-scetyl-^-D-gaIactopyranosylpolyethylene glycol 

To a solution of 948 mg {0J& m mol) of polyethylene glycol mono-2-tetrahydropyranyI ether (mean 
molecular weight: 1 .200) in 8 ml of nitromethane. 1 .4 g {5.54 m mol) of mercuric cyanide, 1 g of Drierite (W. 
A. Hammond Drierite Company) and 433 mg (3.73 m mol) of N.N.N'.N'-tetramethylurea were added. The 

20 mixture was stirred at room temperature for 10 minutes. To this solution, 1-53 g (3.73 m mol) of 
acetobromogalactose in a ml of anhydrous benzene was added dropwise. and the mixture was stirred at 
55'C for 24 hours in the dark. After cooling, the reaction mixture was dissolved in chloroform and washed 
successively with cold water, a solution of 3.7 g of potassium iodide and 3 g of sodium hydrogen carbonate 
in 60 ml of water and cold water. After drying over anhydrous sodium sulfate, the solvent was evaporated 

25 under reduced pressure, and the crude product obtained was purified by column chromatography [silica 
gel: 40 g; eluenfc chlorofarm-methanol (95:5)] to give 520 mg of the tetrahydropyranyl ether of 2,3,4,6-tetra- 
O-acetyl-^-D-galactopyranosyfpoiyethylene glycol. This was dissolved in 4.5 mi of acetic acid-water (2:1) 
and the solution stirred* at 7D*C for 1.5 houi-s. Toluene was added to the reaction mixture and the 
resultant mixture was evaporated to dryness under reduced pressure. The crude product thus obtained was 

30 purified by column chromatography [silica gel: 10 g; eluent: chloroform-methanol (9:1)] to give 370 mg 
(33%) of the product (light yellow oil). 

NMR (90 MHz, CDCb) 5: 1.97. 2.05 and 2.14 (12H. each s). 3,67, 4.57 (1H. d), 5.05-5.42 {3H, m). 



35 (ii) Synthesis of 2,3,4,6-tetra-O-acetyI-^-D-galactopyranosylpolyethylene glycol aldehyde 

To a solution of 46 al (0.52 m mol) of oxalyl chloride in 0.74 ml of methylene chloride. 0.15 ml of a 
methylene chloride solution containing 74 ul (1.04 m mol) of dimetiiyl sulfoxide was added dropwise below 
-60 "C. Rve minutes later, 0.6 ml of a methylene chloride solution containing 370 mg (0.26 m mol) of the 

40 alcohol obtained in step (i) was added dropwise. After 15 minutes, 0.34 mt of triethylamine was added 
dropwise, and the mixture was stin'ed for 5 minutes. After tiie temperature was allowed to rise to 0*C. water 
was added to the reaction mixture. The resultant mixture was extracted with methylene chloride, and the 
organic layer was dried over anhydrous sodium sulfate. The solvent was evaporated under reduced 
pressure, and tiie crude product was purified by column chromatography [silica gel: 10 g; eluent 

45 chloroform-mettianol (9:1)] to give 290 mg (78%) of the product (light yellow oil), 

NMR (90 MHz, CDCb) 5: 1-97. 2.04 and 2.13 (12H, each s). 3.66, 4.56 (1H. d). 5.03-5.40 (3H. m). 



(ill) Synthesis of jS-D-galactopyranosylpolyethylene glycol aldehyde 

so 

To a solution of 32 mg (O.B m mol) of sodium hydroxide in 1 .6 mi of methanol was added 290 mg (0.2 
m mol) of the aldehyde obtained in step (it). The mixture was allowed to stand in a refrigerator for 15 hours. 
The reaction mixture was neutralized by addition of acetic acid, and the solvent was evaporated under 
reduced pressure. The crude product obtained was purified by column chronnatography [silica gel: 3 g; 
55 eluent chloroform-methanol (9:1)] to give 110 mg (43%) of the product (coloriess oil). 
2,4-Dinitropheny [hydrazine reaction: positive; 
Anthrone reaction: positive. 



7 



0 251 304 



Example 2 Synthesis of 2-acetamido-2-deoxy-jS-D-glucopyranosylpotyethylene glycol aldehyde 
(i) Synthesis of 2-acetamido-3,4.6-tri-0-acety!-2-deoxy-^-D-glucopyranosylpolyethylene glycol 

The mixture of 10 ml of methylene chloride. 340 mg (2.1 m mol) of ferric chloride. 244 mg (2.1 m mol) 
of N.N.N'.N'-tetramethylurea and 545 mg of Drierite was stirred at room temperature for 10 minutes and 545 
mg (1.4 m moi) of 2-acetamido-1,3,4.6-tetra-0-acetyl-2-deoxy-jS-D-glucopyranose was added. After stirring 
for 1 hour. 672 mg (0.56 m mol) of polyethylene glycol mono-2-tetrahydropyranyl ether (mean molecular 
weight: 1 .200) was added and the resultant mixture was further stirred at room temperature for 2 days. The 
reaction mixture was poured into 15 ml of saturated aqueous sodium hydrogen carbonate and extracted 
with chloroform, and the organic layer was dried over anhydrous sodium sulfate. The solvent was 
evaporated under reduced pressure, and the crude product obtained was purified by column chromatog- 
raphy [silica gel: 10 g; eluent chloroform-methanol (95:5)] to give 0.8 g of the tetrahydropyranyl ether of 2- 
acetamido-3,4,6-tri-0-acety!-2-deoxy-/3-D-glucopyranosylpolyethylene glycol. This was dissolved in 6 ml of 
an acetic acid-water mixture (2:1) and the solution was stirred at 70*C for 1.5 hours. Toluene was added to 
the reaction mixture and the resultant mixture was evaporated to dryness under reduced pressure. The 
crude product thus obtained was purified by column chromatography [silica gel: 10 g; eluent chloroform- 
methanol (9:1)] to give 0.5 g (67%) of the product (light yellow oil). 

NMR (90 MHz. CDCb) 1.95, 1.99 and 2.07 (12H. each s). 3.65, 4.78 (1H. d). 5.02-5.13 (2H, m), 6.60 
(1H, d). 



(ii) Synthesis of 2-acetamido-3.4,6-tri-0-acetyI-2-deoxy-)9-D-glucopyranosytpolyethylene glycol aldehyde 

■ The alcohol (1.1 g, 0.77 m mol) obtained In step (I) was treated in the same manner as described In 
Example 1-{ii) to give 818 mg (74%) of the product (light yellow oil). 

NMR (90 MHz, CDCb) 5: 1.95. 1.98 and 2.03 (12H. each s). 3.65 4.78 (1H, d). 5.02-5.13 (2H, m), 6.67 
(1H,d). 



(iii) Synthesis of 2-acetamido-2-deoxy-^-D-glucopyranosylpolyethylene glycol aldehyde 

The aldehyde (818 mg. 0.57 m mol) obtained in step (ii) was treated in the same manner as described 
in Example l-(ili) to give 370 mg (50%) of the product (coloriess oil). 
NMR (90 MHz, CDCb) S: 2.04 (3H, s), 3.67. 4.63 (1H, d). 7.16 (1H, d). 
2,4-Dlnltrophenylhydra2ine reaction: positive. 



Example 3 Synthesis of ^-0-glucopyranosylpolyethylene glycol aldehyde 
(i) Synthesis of 2.3,4,6-tetra-O-acetyl-^-D-glucopyranosylpolyethylene glycol 

To a solution of 10.8 g (18 m mol) of polyethylene glycol (mean molecular weight: 600) in 18 ml of 
nitromethane. 2.27 g (9 m mol) of mercuric cyanide. 6 g of Drierite and 0,7 g (6 m mol) of N.N.N'.N'- 
tetramethylurea were added, and the mixture was stinred at room temperature for 10 minutes. To this 
solution, 2.46 g (6 m mol) of acetobromoglucose in 18 ml of anhydrous benzene was added dropwlse, and 
the resultant mixture was stirred at 55 "C for 24 hours in the dark. After cooling, the reaction mixture was 
dissolved in chloroform and washed successively with cold water, a solution of 6 g of potassium iodide and 
4.8 g of sodium hydrogen carbonate in 96 ml of water, and cold water, and the organic layer was dried over 
anhydrous sodium sulfate. After removal of the solvent under reduced pressure, the crude product was 
purified by column chromatography [silica gel: 50 g; eluent: chloroformmethanol (97:3)] to give 1.7 g (30%) 
of the product (colorless oil). 

NMR (90 MHz, CDCb) 5: 1.99. 2.02. 2.03 and 2.07 (12H. each s). 3.66. 4.61 (1H, d). 4.88-5.33 (3H. m). 
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00 Synthesis of 2.3,4.6-tetra-0-ac8tyl-^-D-glucopyranosyipolyethylene glycol aldehyde 

The aJcohol (1.64 g. 1.76 m mol) obtained in step (i) was treated in the same manner as described in 
Example 1-{ii) to give 970 mg (60%) of the product (cotoriess oil). 

NMR (90 MHz. CDCI3) 5: 1.99. 2.01, 2.03 and 2.07 (-12H. each s), 3.66. 4.60 (1H, d). 4.66 and 9.76 (1H. 
CHO), 4.87-5.23 (3H. m). 



(iii) Synthesis of ;9-D-glucopyranosylpotyethylene glycol aldehyde 

The aldehyde (970 mg, 1 .04 m mot) obtained in step (ii) was treated in the same manner as stated in 
Example 1-(iii) to give 340 mg (43%) of the product (colorless oil).. 

2,4-Dinitrophenylhydrazine reaction: positive; 
Anthrone reaction; positive. 



Example 4 Synthesis of ;S-D-galactopyranosylpoIyethylene glycol monocarboxylic acid 

(i) Synthesis of 2,3,4.6-tetra-0-acetyl-;9-D-ga!actopyranosylpoIyethylene glycol monocarboxylic acid 

The mixture of 834 mg (0.9 m mol) of 2, 3,4,6-tetra-0-acetyt-j5-D-galactopyranosyipoIy ethylene glycol 
synthesized from polyethylene glycol having a mean molecular weight of 600 and acetobromogatactose by 
following the procedure described in Example 3-(i), 1.8 ml of carbon tetrachloride, 1.8 ml of acetonitrile and 
2.7 ml of water was stirred vigorously. Immediately after addition of 577 mg (2.3 m mol) of NalO* to this 
biphasic solution. 7 mg (0.027 m mol) of crystalline ruthenium trichloride was added and the reaction was 
allowed to proceed at room temperature for 1 hour. Then the phases were separated and the upper 
aqueous phase was extracted 3 times with 10-ml portions of methylene chloride. The combined organic 
extracts were dried over anhydrous magnesium sulfate and evaporated to dryness under reduced pressure 
to give 810 g of a fight yellow oil. 

NMR (90 MHz, CDCI3) 5: 1.98. 2.05 and 2.15 (12H. each s), 3.65. 4.56 (1H, d), 5.00-5.43 (3H, m). 

(ii) Synthesis of ^-D-galactopyranosylpolyethylene glycol monocarboxylic acid 

To a solution of 174 mg (4.4 m mol) of sodium hydroxide in 8.7 ml of methanol was added 810 mg 
(0.87 m mol) of the monocarboxylic acid obtained in step (i), and the reaction was allowed to proceed 
overnight in a refrigerator. The reaction mixture was neutralized by addition of acetic acid, and the solvent 
was evaporated under reduced pressure. The crude product obtained was purified by column chromatog- 
raphy [silica gel: 20 g; eluent chloroform-methanoi-acetic acid (7:3:1)]. After removal of the eluent under 
reduced pressure, the residue was dissolved in chloroform. The chloroform layer was washed with water 
and dried over anhydrous sodium sulfate. The solvent was evaporated under reduced pressure to give 30 
mg of the product (light yellow oil). 

NMR (90 MHz, CDCb) S: 3.66 (-OCHzCHjO-). 

IR: 1733 cm-' (COOH). 

Anthrone reaction: positive. 



Example 5 Synthesis of ^-D-galactopyranosytpolyethylene glycol 

2,3,4,6-Tetra-0-acetyl-^-D-galactopyranosylpolyethy!ene glycol (494 mg. 0.53 m mol) synthesized from 
polyethylene glycol having a mean molecular weight of 600 and acetobromogalactose by following the 
procedure described in Example 3-(i) was treated in the same manner as cited in Example l-(iii) to give 190 
mg of the product (light yellow oil). 

NMR (90 MHz, CDCb) «: 3.66 (-OCH2CH2O-). 

Anthrone reaction: positive. 
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Example 6 Synthesis of ^-D-galactopyranosyldiethylene glycol aldehyde 

(i) Synthesis of 2,3,4.6-tetra-O-acetyl-^-D-glucopyranosyldiethyIene glycol benzyl ether 

5 To a solution of 589 mg {3 m mol) of diethylene glycol monobenzyl ether In 19.5 ml of nitromethane. 
3.41 g (13.5 m mol) of mercuric cyanide and 3 g of Drierite were added, and the mixture was stin-ed at 
room temperature for 10 minutes. To this solution. 3.69 mg (9 m mo!) of acetobromogaiactose in 19.5 ml of 
anhydrous benzene was added dropwise, and the mixture was stin-ed at 55'C for 24 hours in the dark. After 
cooling, the reaction mixture was dissolved in chloroform and the organic layer was washed successively 

TO with cold water, a solution of 18 g of potassium idoide and 14.6 g of sodium hydrogen carbonate in 300 ml 
of water, and cold water. The organic layer was dried over anhydrous sodium sulfate. The solvent was then 
evaporated under reduced pressure, and the crude product obtained was purified by column chromatog- 
raphy [silica gel: 50 g; eluent: chlonoform] to give 1.45 g (92%) of the product (colorless oil). 

NMR (90 MHz. CDCI3) 5: 1.95. 2.00. 2.02 and 2.12 (12H. each s). 4.55 and 4.93 (1H, each d). 4.55 (2H, 

T5 S), 5.02-5.45 (3H, m), 7.31 {5H, s). 

(ii) Synthesis of 2,3,4,6-tetra-O-acetyl-^-D-galactopyranosyldiethylene glycol 

20 A solution of 1.37 g (2.6 m mol) of the benzyl ether obtained In step (i) in 32.5 ml of acetic acid was 
added to 0.96 g of 10% Pd-C (50% wet), and the mixture was stirred under a hydrogen atmosphere at 
room temperature for 5 hours. The catalyst was then filtered off and toluene was added to the filtrate. The 
solvent was evaporated to dryness under reduced pressure to give the crude product, which was purified 
by column chromatography [silica gel: 30 g: eluent: chloroformmethanol (97:3)1 to give 0.8 g (71%) of the 

25 product (coloriess oil). 

NMR (90 MHz. CDCI3) 5: 1^7, 2.03. 2.05 and 2.13 (12H, each s). 4.55 and 4.94 (1H, d), 5.05-5.40 (3H, 

m). 

30 (III) Synthesis of 2,3.4.6-tetra-Oacetyl-/3-D-galactopyranosyldiethylene glycol aldehyde 

The alcohol (0.8 g, 1 .8 m mol) obtained in step (ii) was treated in the same manner as described in 
Example 1-(li) to give 0.67 g (86%) of the product (coloriess oil). 

NMR (90 MHz, CDCI3) «: 1.97, 2.03, 2.06 and 2.14 (12H, each s), 4.57 and 4.95 (1H. each d), 5.04-5.41 
35 {3H, m), 9.71 (s). 



(iv) Synthesis of ;9-D-galactopyranosyldiethylene glycol aldehyde 

40 The aldehyde (660 mg. 1 .52 m mol) obtained in step (lii) was treated in the same manner as described 
in Example l-(iii) to give 185 mg (46%) of the product (colorless powder). 

2.4-Dlnitrophenylhydrazlne reaction: positive: 
Anthrone reaction: positive. 

45 

Reference Example 1 Production of polyethylene glycol-modlfied IFN-aA 

(i) A solution of 0.68 ml (8.8 m mol) of dimethyl sulfoxide in 2 ml of methylene chloride was added 
dropwise to a solution of 0.4 ml (4.4 m mol) of oxalyl chloride in 10 ml of methylene chloride below - 60*C. 

50 After 5 minutes, a solution of 5 g (4 m mol) of polyethylene glycol mono-2-tetrahydropyranyl ether having a 
mean molecular weight of 1 ,200 In 4 mi of methylene chloride was added dropwise. After 1 5 minutes. 2.8 
ml of triethylamine was added, and the resultant mixture was stirred for 5 minutes. The temperature was 
allowed to rise to O'C and water was added. The mixture was extracted with methylene chloride, and the 
organic layer was dried over anhydrous sodium sulfate. After removal of the solvent under reduced 

55 pressure, 30 ml of an acetic acid-water mixture (2:1) was added to the residue, and the mixture was stirred 
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at 70-0 for 1.5 hours. Toluene was added to the reaction mixture, and the resultant mixture was evaporated 
to dryness under reduced pressure. The caide product thus obtained was purified by column chromatog- 
raphy [silica gel: 40 g; eluent: chloroform-methanol (95:5)] to give 3.5 g (80%) of methoxypolyethylene 
glycol monoaldehyde (light yellow solid). 
5 NMR (90 MHz. CDCI3) 6: 3.65. 4.1 5 and 9.72 (1 H, s). 

(ii) An IFN-o (rlFN-aA) solution was prepared by the method described in Japanese Unexamined Patent 
Publication No. 79897/1982 and 5 ml (5 mg as protein) of the solution was dialyzed against 0.2 M 
phosphate buffer (pH 7.0) containing 0.15 M sodium chloride at 4'C overnight. The dialyzate was taken out 
and 45 mg of the polyethylene glycol monoaldehyde (mean molecular weight 1.100) obtained in Reference 
10 Example 1-(i) was added thereto. The mixture was stin-ed at 4''C for 5 hours. Then. 14 mg of sodium 
cyanoborohydride was added and stirring was continued at 4'C further for 24 hours. The reaction mixture 
was. dialyzed against 25 mM ammonium acetate buffer (pH 5.0) containing 0.15 M sodium chloride at 4'C 
far 24: hours. The dialyzate was separated by Sephadex G-75 column (2.2 x 45 cm). Elution was carried out 
with 25 mM ammonium acetate buffer (pH S.O) containing 0.15 M sodium chloride, and 31 ml of a main 
rs protein fraction was collected. The protein content of this traction determined by the Lowry method using 
bovine serum albumin as a standard was 76 ug/ml. Amino acid analysis of acid hydrolysate indicated that 
4.5 of 11 Lys residues in IFN-a had been modified. The activity measured by enzyme immunoassay was 
0.88 x 10^ international units per milligram. 
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Reference Example 2 Production of ^-D-galactopyranosylpoIyethylene glycol-modified IFN-aA 



(i) An IFN-a (rIFN-aA) solution was prepared by the method described in Japanese Unexamined Patent 
Publication No. 79897/1982 and 5 ml (5 mg as protein) of the solution was dialyzed against 0.2 M 

25 phosphate buffer (pH 7.0) containing 0.15 M sodium chloride at 4*C overnight The dialyzate was taken out 
and. 84 mg of the aldehyde (mean molecular weight 1,300) obtained in Example 1-{tir) was added thereto 
The mixture was stinred at for 5 hours. Then. 21 mg of sodium cyanoborohydride was added and the 
mixture was further stin-ed at 4-C for 24 hours. The reaction mixture was dialyzed against 25 mM 
ammonium acetate buffer (pH 5.0) containing 0.15 M sodium chloride at 4»C for 24 hours. TTie dialyzate 

30 was taken out and applied to Sephadex G-75 column (2.2 x 45 cm) and eluted with 25 mM ammonium 
acetate buffer (pH 5.0) containing 0.15 M sodium chloride, and a main protein fraction (76 ml) was 
collected. The protein content of this fraction determined by the Lowry method using bovine serum albumin 
as a standard was 54 ug/mL Amino acid analysis following actdolysis revealed that 2.4 of 11 Lys residues 
had been modified. The activity determined by enzyme immunoassay was 0.25 x 10» international units per 

35 milligram. 

(ii) Unmodified IFN-a. the polyethylene glycol-modified IFN-a obtained in Reference Example 1-Oi) and 
the M>galactopyranosylpolyethylene glycol-modified IFN-a obtained in Reference Example 2-(i) were 
subjected to affinity chromatography using RCA120-Agarose (Hohnen Seiyu), an agarose gel coupled with 
wheat germ lectin, which is capable to recognize and bind specifically to a nonreducing ;3-gaiactose end- 

40 group. Unmodified IFN-a and the polyethylene glycol-modified IFN-a were n6t adsorbed on the column but 
■passed through it while the ^-D-galactopyranosyipolyethylene glycol-modified IFN-a was found to be 
adsorbed on RCA120-Agarbse. 

The results of affinity chromatography are shown in Rg. 1. In Rg. 1, charts (a), (b) and (c) show the 
elution patterns of unmodified IFN-a. the polyethylene glycol-modified IFN-a and the ^-D-galactopyranosyl- 
polyethylene glycol-modified IFN-a. respectively, obtained by monitoring the absorbance at 280 nm. In each 
chart an-ow 1 indicates the time when each sample solution dissolved in 0.1 M phosphate buffer (pH 72) 
containing 0.15 M sodium chloride was charged, arrow 2 the time when the eluent was changed from 0 1 M 
phosphate buffer (pH 7.2) containing 0.15 M sodium chloride to 0.1 M phosphate buffer (pH 7.2) containing 
10 mM ^-[>galactopyranoside and 0.15 M sodium chloride, and arrow 3 the time when the eluent was 
changed to the initial 0.1 M phosphate buffer (pH 7.2) containing 0.15 M sodium chloride 
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Reference Example 3 Production of 2-ac8tamido-2-deoxy-^-D-glucopyranosylpolyethylene glycol-modified 

IFN-aA 

(i) Following the procedure of Reference Example 2. 53 mg of the aldehyde (mean molecular weight 

5 1,300) obtained in Example 2-(iii) and 14 mg of sodium cyanoborohydrlde were reacted with IFN-a and the 
reaction mixture was treated in the same manner as in Reference Example 2 to give 42.5 ml of a main 
protein fraction. The protein content of this fraction was 86 ug/ml. Amino acid analysis indicated that the 4.6 
of 11 Lys residues in IFN-a had been modified. The activity determined by enzyme Immunoassay was 0.70 
x 10' international units per milligram. 

10 (ii) Following the procedure of Reference Example 2. 107 mg of the aldehyde (mean molecular weight 
1,300) obtained in Example 2-{iii) and 28 mg of sodium cyanoborohydride were reacted with IFN-a and the 
reaction mixture was treated in the same manner as in Reference Example 2 to give 24.5 ml of a main 
protein fraction. The protein content of this fraction was 138 ug/ml Amino acid analysis showed that 6.9 of 
1 1 Lys residues in IFN-a had been modified. The activity as determined by enzyme immunoassay was 0.83 

15 x^(fi international units per milligram. 

(iii) Unmodified IFN-o, the polyethylene glycol-modified IFN-a obtained in Reference Example 1-(ii) and 
the two species of 2-actami'do-2-deoxy-/S-D-glucopyranosy (polyethylene glycol-modified IFN-a as obtained 
as mentioned above in (i) and (ii) were subjected to affinity chromatography using WGA-Agarose {Hohnen 
Seiyu), an agarose gel coupled with wheat germ lectin, which is capable to recognize and bind specifically 

20 to a nonreducing )S-N-acetylglucosamine end-group. Unmodified IFN-o and the polyethylene glycol-modified 
IFN-a were not adsorbed on the column but passed through it. On the contrary, it was confirmed that the 2- 
acetamido-2-deoxy-;?-D-glucopyranosylpolyethylene glycol-modified IFN-o species were adsorbed on WGA- 
Agarose and that the degree of adsorption increased with the increase in the extent of modification. 

The results obtained are shown in Fig. 2. In Rg. 2, charts (a), (b), (c) and (d) show the elution pattems 

25 of unmodified IFN-a, the polyethylene glycol-modified IFN-a and the two 2-acetamido-2-deoxy-;S-D- 
glucopyranosylpolyethylene glycol-modified IFN-a species, respectively, obtained by monitoring the absor- 
bance at 280 nm. In each chart, anrow 1 indicates the time when each sample solution dissolved in 25 mM 
ammonium acetate buffer (pH 5.0) containing 0.15 M sodium chloride was charged, arrow 2 the time when 
the eluent was changed from 25 mM ammonium acetate buffer (pH 5.0) containing 0.15 M sodium chloride 

30 to 25 mfy/t ammonium acetate buffer (pH 5.0) containing 2-propenyl-2-acetamido-2-deoxy-^-D- 
glucopyranoside in a concentration of 10 mM and 0.15 M sodium chloride, and arrow 3 the time when the 
eluent was changed to the initial 25 mM ammonium acetate buffer {pH 5.0) containing 0.1 5 . M sodium 
chloride. 

35 

Claims 

1. A compound of the formula (I): 

R-0-(-CH2CH2O ) ^ ( CH2)„.Z wherein R is a glycosyl group, m is an optional positive integer, n is an 
40 integer of 1 to 3 and 2 is -CHO. -CH20H or -COOH. 

2. The compound according to claim 1. wherein R is arabinopyranosyl, xylopyranosyl. lyxopyranosyl. 
ribofuranosyl. glucopyranosyl. galactopyranosyl, mannopyranosyi. . fucopyranosyf, 2-amino-2-deox- 
yglucopyranosyl. 2-amino-2-deoxygalactopyranosly, 2-acetamido-2-deoxyglucopyranosyl. 2-acetamido-2- 
deoxygalactopyranosyl. N-acetylneuraminyl. lactosyl. xylobiosyl, maltosyl. cellobiosyl. chitobiosyl. 

45 vicianosyl, sambubiosyl. melibiosyl. epicellobiosyl, turanosyl, sucrosyl. lactulosyl. rutinosyl, raffinosyl, um- 
belliferosyl, sialyllactosyl. 6'-galactoIactosyl, difucosyllactosyl. lacto-N-tetraosyl or lacto-N-neotetraosyl. 

3. The compound according to claim 1, wherein R is glucopyranosyl. galactopyranosyl or 2-ac8tamido- 
2-deoxy glucopyranosyl. 

4. The compound according to claim 1, wherein m is not more than about 200. 
50 5. The compound according to claim 4. wherein m is about 5 to 100. 

6. The compound according to claim 1, wherein Z is -CHO or -COOH. 

7. The compound according to claim 1. wherein Z is -CHrOH. 

8. A method of producing a compound of the formula 0): 

R-O-f CHgCH?0 } ^ ( CH2)7p Z wherein R is a glycosyl group, m is an optional positive integer, n is an 
55 integer of 1 to 3 and Z is -CHO. -CH2OH or -COOH. which comprises 



12 



0 251 304 



(a) subjecting a compound of the formula: 

R'-O-f CHsCHzOt-??^^ — r CH2)n — Z wherein R' is a monosaccharide or oligosaccharide group derived 
from a glycosyl group by protection of the hydroxy! and amino groups of a giycosyl group with an acyl 
group and m, n and Z are as defined above, to alkali hydrolysis to produce a compound of the formula (I)- 
:H-0-t CHaCHaO-)— — ~ CH2)„ -Z wherein R, m. n and Z are as defined above . or 

(b) reacting a compound of the formula (('): 

R-O-c CHzCHaO — ^ CH2)n-CH0 wherein R, m and n are as defined above with a reducing agent to 
produce a compound of the formula {l"):R-0-(- CHzCHzOt-t?^ — ^CH^n-CHaOH wherein R. m and n are as 
defined above. 

9. A use of a compound of the formula ()): 

R-04- CH2CH20 ^^ ( CH2)n-Z wherein R is a glycosyl group, m Is an optional positive Integer, n is an 
integer of l to 3 and Z is -CHO or -COOH, to produce a chemically-modified protein having a group of the 
fonnula (I!):. 

R-b-(- CH2CH2O ) ^ C CKz)n-X-wherein X is -CHror -CO-and R. m and n are as defined above, the 
group being, hound to at least one primary amino group of the protein, as a chemically modifying agent for 
protein. * 

10. A use of the chemically modifying agent according to claim 8, wherein R is arabinopyranosyl. 
xytopyranosyl, lyxopyranosyl, ribofuranosyl. glucopyranosyl. galactopyranosyl, mannopyranosyl, 
fucopyranosyl. 2-amino-2-deoxyglucopyranosyl, 2-amino-2-deoxygalactopyranosyl. 2-acetamido-2-deox- 
yglucopyranosyl, 2-acetamido-2-deoxygalactopyranosyI, N-acetylneuramlnyl, lactosyl. xylobiosyl. mattosyl. 
cellobiosyl, chitobiosyL vicianosyl. sambubiosyl. melibiosyl, epiceltoblosyl, turanosyl, sucrosyi, lactulosyl, 
rutinosyl, raffinosy!, umbelliferosyl, sialyllactosyl, 6'-galactoIactosyl. difucosyllactosyl, lacto-N-tetraosyl or 
lacto-N-neotetraosyl and m is not more than 200. 
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